High-pressure experiments and theoretical calculations demonstrate that an iron-rich ferromagnesian silicate phase can be synthesized at the pressure-temperature conditions near the core-mantle boundary (CMB). This phase is up to 20% denser than any known silicate at CMB.
High-pressure experiments and theoretical calculations demonstrate that an iron-rich ferromagnesian silicate phase can be synthesized at the pressure-temperature conditions near the core-mantle boundary (CMB). This phase is up to 20% denser than any known silicate at CMB.
The high mean atomic number of the iron-rich silicate greatly reduces the seismic velocity, and provides a new explanation to the low velocity and ultra low velocity zones. Formation of this phase from reaction between the silicate mantle and the iron core may be responsible for the unusual geophysical and geochemical signatures observed at the base of the lower mantle. No iron-rich silicate, however, was known to exist under the high pressure-temperature (P-T) conditions beyond the 670-km discontinuity that accounts for approximately three quarters of the 
In the lower-mantle silicate, (Fe x Mg 1-x )SiO 3 perovskite, iron can only participates as a minor component with x < 0.15 (5) , even at the CMB with an unlimited supply of iron from the core.
Without a stable iron-rich silicate phase, previous explanations of the complex geochemical and geophysical signatures of the D" layer have been limited to heterogeneous, solid/melt mixtures of iron-poor silicates and iron-rich metals and oxides (6, 7) .
Recently, Murakami et al. (8) reported that pure MgSiO 3 transformed from the perovskite structure to the CaIrO 3 structure under the P-T conditions of the D" layer (see also (9) (10) (11) . The treated mixtures were reground and sealed in gold capsules, which were then compressed in the piston-cylinder apparatus for 48 hours at 1273 K and 1.2 GPa. The product was confirmed by x-ray diffraction as a single phase orthopyroxene.
We compressed Fs20, Fs40, Fs60, Fs80, and Fs100 samples to 120-150 GPa in symmetrical diamond-anvil cells. Beveled diamond anvils with flat culet diameter of 90-100 µm were used to generate the pressure, and rhenium gaskets with laser drilled hole diameters of 35-50 µm were used to confine the samples. Multiple sample configurations: with or without Pt black as a laser absorber, with or without NaCl thermal insulation layers, and with or without additional Au and Pt as pressure markers, were used to optimize the synthesis conditions and to distinguish overlapping diffraction peaks. Rhenium at the sample-gasket interface was also used as a secondary pressure marker (13) . Double-side YLF laser systems at 13ID-D and 16ID-B stations of the Advanced Photon Source were used for heating, and monochromatic x-ray beams of λ = 0.3344, 0.3888, 0.4008, and 0.4233 Å were used for x-ray diffraction. The primary x-ray beam was focused down to 5-10 µm through a diamond anvil and impinged on the samples.
Diffraction rings up to 2θ = 21° exited through the second diamond anvil and cubic BN seat and were recorded on a CCD detector for in-situ measurements at simultaneous high P-T conditions or an image-plate detector for temperature-quenched sample at high pressures. The diffraction patterns were processed and analyzed with Fit2d software (14) .
X-ray diffraction at low pressures showed well-crystallized orthopyroxene patterns. and Fs80 transformed to the ppv without a trace of silicate perovskite or mixed oxides (Fig. 1) while the Fs100 sample still produced mixed oxides. All characteristic lines of ppv, including the most intense 022 peak, the 023-131 doublet, and the 132-113-004 triplet, are present in the ironbearing silicates. Indexing of the peaks and fitting to the ppv Cmcm orthorhombic unit cell are listed in Table 1 .
With first-principles calculations, we confirmed that indeed iron-rich (Fe,Mg)SiO 3 is stabilized in the ppv rather than silicate perovskite structure at CMB. Spin-polarized calculations were performed using the generalized gradient approximation (GGA) (15) of density functional theory (16, 17) as implemented in the code ABINIT (18) . We use Troullier-Martins-type pseudopotentials, generated with the fhi98pp code (19 The vast reservoirs of iron and silicates at the core-mantle boundary provides favorable chemical-physical conditions for the formation of iron-rich ppv silicate which holds the key to understanding the geophysical and geochemical properties of the D" layer (6, (25) (26) (27) . Contrary to the previous thinking that the mantle composition was essentially unchanged by contact with the core -i.e., the composition of the mantle silicate remains within its iron-poor solubility limit of x < 0.15 -the new scenario calls for a reaction layer of denser silicates with much higher iron content. In regions of downward or horizontal movement at the CMB, the thickness of the ironrich layer is limited by solid reaction and diffusivity. In upwelling regions, the iron-rich layer is too heavy to rise, and will be pile up under plumes (Fig. 4) , resulting in the observed low velocity zones (LVZ) (e.g., under Africa) and ultra low velocity zones (ULVZ) (e.g., under
Hawaii) (28) . Comprehensive studies of the equation of state, elastic anisotropy, diffusivity, rheology, magnetism, and reversible phase relation of ppv as a function of temperature and iron concentration are needed for developing the new paradigm for this most enigmatic layer in the solid Earth (29, 30) . Iron-poor ppv
